Background
High-quality care must be not only appropriate but also timely. We assessed time to initiation of adjuvant chemotherapy for breast cancer as well as factors associated with delay to help identify targets for future efforts to reduce unnecessary delays.
Methods
Using data from the National Comprehensive Cancer Network (NCCN) Outcomes Database, we assessed the time from pathological diagnosis to initiation of chemotherapy (TTC) among 6622 women with stage I to stage III breast cancer diagnosed from 2003 through 2009 and treated with adjuvant chemotherapy in nine NCCN centers. Multivariable models were constructed to examine factors associated with TTC. All statistical tests were two-sided.
Results
Mean TTC was 12.0 weeks overall and increased over the study period. A number of factors were associated with a longer TTC. The largest effects were associated with therapeutic factors, including immediate postmastectomy reconstruction (2.7 weeks; P < .001), re-excision (2.1 weeks; P < .001), and use of the 21-gene reversetranscription polymerase chain reaction assay (2.2 weeks; P < .001). In comparison with white women, a longer TTC was observed among black (1.5 weeks; P < .001) and Hispanic (0.8 weeks; P < .001) women. For black women, the observed disparity was greater among women who transferred their care to the NCCN center after diagnosis (P interaction = .008) and among women with Medicare vs commercial insurance (P interaction < .001).
Conclusions
Most observed variation in TTC was related to use of appropriate therapeutic interventions. This suggests the importance of targeted efforts to minimize potentially preventable causes of delay, including inefficient transfers in care or prolonged appointment wait times.
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A number of clinical trials demonstrating the benefit of adjuvant chemotherapy have been published over the past 20 years (1) and clinical practice guidelines recommend chemotherapy for many breast cancer patients following completion of definitive surgery to reduce the risk of recurrence (2) . The optimal time interval between diagnosis and initiation of adjuvant chemotherapy is unclear. Long intervals between surgery and chemotherapy have been associated with poorer disease-specific outcomes (3) (4) (5) , although null associations between time to chemotherapy (TTC) and outcomes have also been reported (6) . No studies were identified that examined the impact of the diagnosis to chemotherapy interval on patient outcomes.
Currently, several professional societies endorse time-dependent quality measures. For example, one of the American Society of Clinical Oncology (ASCO)/National Comprehensive Cancer Network (NCCN) quality measures recommends adjuvant chemotherapy within 120 days of diagnosis for women aged less than 70 years with stage II or stage III hormone receptor-negative breast cancer (7) . In reviewing concordance with this measure in NCCN centers, Hughes et al. (8) found that treatment for 87% of patients met the quality measure; however, 6% of patients (47% of nonconcordant patients) were nonconcordant because chemotherapy began more than 120 days after diagnosis.
In this analysis, we sought to examine the sociodemographic, clinical, and treatment factors associated with an increased TTC initiation at NCCN centers. Our goals were to characterize patients who might be at increased risk for delay and to identify potentially mutable factors contributing to delay.
Methods

Data Source
The analysis was conducted using data from the NCCN outcomes database (9) . Data are ascertained through regular standardized medical record reviews and a patient survey administered at first presentation (10) (11) (12) (13) . Nine institutions participating in the NCCN database during the entire study period contributed data: City of Hope Comprehensive Cancer Center, Duarte,
Data Definitions
TTC was defined as the number of weeks between pathological diagnosis and first administration of adjuvant chemotherapy. Patient presentation date was defined as the date of initial clinic visit at the treating NCCN center.
Residential distance to the institution was computed as the great-circle distance between the centroid of the patient's zip code and the main campus of the treating NCCN center. Communitylevel socioeconomic status was defined at the zip code level using year 2000 Census data reduced to a single variable by factor analysis (R 2 = 69%). Census elements examined include median household income (mean = $48 865; factor score [fs] = 0.86); proportion single parent households (mean = 12%; fs = −0.86); proportion aged more than 25 years without a high school diploma (mean = 16%; fs = −0.82); proportion of households below the poverty level (mean = 10%; fs = −0.92); and proportion of vacant households (mean = 4%; fs = −0.69). The validity of composite measures of area-level socioeconomic status has been evaluated previously (14) .
Both clinical and pathologic staging are recorded according to American Joint Committee on Cancer TNM (tumor size, lymph nodes affected, metastases) criteria (15) . We defined pathologic upstaging as an increase in stage between clinical and pathologic evaluations. Comorbidity was measured using the Charlson comorbidity index (16) . Body mass index was calculated from the patient's height and weight at first visit and classified as underweight (<18.5 km/m 2 ), normal weight (18.5 to <25.0 kg/m 2 ), overweight (25.0 to <30.0 kg/m 2 ), obese (30.0 to 40 kg/m 2 ), or morbidly obese (>40 kg/m 2 ). Breast ultrasound or magnetic resonance image was considered diagnostic if performed between 90 days before diagnosis and initial excision. Biopsy was classified as needle (fine needle aspiration or core needle biopsy) or surgical biopsy (excisional or incisional procedure).
Surgery was classified as breast conserving surgery or mastectomy, definitive surgery was defined as the last excision performed on the ipsilateral breast before adjuvant chemotherapy, and number of excisions was defined as the number of ipsilateral excisional procedures performed on separate days before initiation of adjuvant chemotherapy. Excisional procedures include surgical biopsies and therapeutic excisions because of the difficulty in distinguishing procedures performed with a diagnostic vs therapeutic intent. Location of diagnosis was defined as the location (either NCCN center or outside institution) where the diagnostic biopsy was performed. At matrix centers, patients referred to the cancer center after diagnosis elsewhere in the health system were classified as diagnosed outside.
Statistical Analysis
All analyses utilized SAS version 9.2 (SAS Inc, Cary, NC). An alpha of 0.05 denoted statistical significance. All tests were twosided. Spearman correlation (r s ) and paired t tests were used to compare subsets of the TTC interval. Linear contrast was used to assess changes in mean TTC by year of presentation. Probability ratios (PRs) were computed to assess the association between proportions.
Analysis of covariance was used to compare the association between each independent variable and TTC. Results are reported as the adjusted estimates of the difference between each level of the regression variable and the reference level (denoted as ΔTTC). Interactions between variables were evaluated for statistical significance by including interaction terms in the model. Results of three analysis of covariance models are presented in Table 2 . The unadjusted model includes only the independent variable. The institution-adjusted model contains ΔTTC values adjusted for the treating NCCN institution. The multivariable adjusted analysis of covariance model includes adjustment for all factors in Table 2 plus institution and type of diagnostic biopsy and initial surgery. A fourth multivariable model was constructed to evaluate colinearity between surgical factors (Table 3 ). In this model, initial surgical strategy, number of excisions, and receipt of reconstruction were combined into a single composite variable.
results
Characteristics of patients included in the analysis are shown in Table 1 . Arithmetic mean TTC was 12.0 weeks (SD = 4.5). Median TTC was 11.3 weeks (Figure 1 ). The mean interval between diagnosis and definitive surgery was 5.6 weeks (SD = 3.6) and between definitive surgery and chemotherapy was 6.3 weeks (SD = 2.9; P < .001). Mean TTC increased monotonically over the study period (Figure 2 
Sociodemographic Characteristics and Referral Patterns
A number of patient sociodemographic characteristics were associated with longer TTC (Table 2) . Increasing age, decreasing community-level socioeconomic status, and Medicare or Medicaid insurance were associated with increased TTC in adjusted analyses. Compared with white women, black (1.5 weeks; P < .001) and Hispanic (0.8 weeks; P < .001) women experienced a longer TTC.
Examining referral patterns, 73% of patients had their diagnostic procedure performed before presentation to the NCCN center (ie, diagnosed outside). These patients experienced a TTC that was 1.1 week longer than those diagnosed at an NCCN center, adjusting for other factors (Table 2) .
To better understand potential moderators of the association between race/ethnicity and TTC, we assessed for interactions between those variables and community-level socioeconomic status, diagnosis at an outside center, and insurance type. Statistically significant interactions were observed between race/ethnicity and both insurance type (P < .001) and diagnosing institution (P = .008). No interaction was observed between community-level socioeconomic status and race/ethnicity (P = .79). * ALND = axillary lymph node dissection; BMI = body mass index; ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; MRI = magnetic resonance imaging; NCCN = National Comprehensive Cancer Network; PR = progesterone receptor; RT-PCR = reverse-transcription polymerase chain reaction; SES = socioeconomic status.
( The sign denotes where the reported ΔTTC is longer (+) or shorter (−) than the noted reference group. ALND = axillary lymph node dissection; BMI = body mass index; ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; MRI = magnetic resonance imaging; NCCN = National Comprehensive Cancer Network; PR = progesterone receptor; RT-PCR = reverse-transcription polymerase chain reaction; SES = socioeconomic status. † P < .05. ‡ P < .01. § P < .001.
Table 2 (Continued).
In comparison with white patients, black patients with Medicare (ΔTTC = +2.6 weeks, 95% confidence interval [CI] = +1.0 to +4.2, P < .001) experienced a twofold longer ΔTTC than patients with commercial insurance (ΔTTC = +1.1 weeks, 95% CI = +0.2 to +1.9, P < .001). Differences between white and black (ΔTTC = +1.0 weeks, 95% CI = −0.7 to +2.8, P = .85) women with Medicaid were not statistically significant. Among the subset of patients with Medicare (n = 623), black women were more likely to be aged less than 65 years (PR = 2.1, 95% CI = 1.6 to 2.9, P < .001) and without supplemental insurance (PR = 2.1, 95% CI = 1.4 to 3.1, P = .002) than white women.
Referral after diagnosis also appeared to disproportionately impact black women. Relative to white women, black women diagnosed at an outside center before presentation at the NCCN center (ΔTTC = +2.6 weeks, 95% CI = +1.4 to +3.8, P < .001) experienced a twofold greater disparity in TTC compared with black women diagnosed at the NCCN center (ΔTTC = +1.4 weeks, 95% CI = 0.0 to +2.7, P = .03).
Clinical Characteristics
TTC increased with a greater number of comorbid conditions and increasing body mass index, controlling for other factors (Table 2 ). In contrast, tumor characteristics had little effect except that patients with a clinical diagnosis of noninvasive disease (ie, cTis) and subsequent pathological diagnosis of invasive disease experienced an adjusted delay in TTC of 1.7 weeks.
Diagnostic and Therapeutic Interventions
A number of therapeutic factors were associated with substantial effects on TTC (Table 2) . Compared with a single excision, having a second excision added 2.1 weeks (P < .001) and having a third excision added 5.7 weeks in TTC after adjustment for other factors including biopsy type. Postmastectomy reconstruction was associated with an additional 2.7 weeks (P < .001), and axillary lymph node dissection was associated with an additional 0.5 weeks. Diagnostic breast magnetic resonance image increased TTC by 0.8 weeks, whereas breast ultrasound had no statistically significant effect. The diagnostic test with the largest impact was the 21-gene reverse-transcription polymerase chain reaction (RT-PCR) assay, which was associated with a 2.2 week increase in TTC in the adjusted analysis (P < .001). All these differences were highly statistically significant after controlling for other factors.
In the model that replaced the individual components of surgical care with a composite surgical management pathway (Table 3) , mastectomy without reconstruction was associated with an adjusted TTC that was 0.5 week longer than that of a needle biopsy followed by breast-conserving surgery without re-excision. Receipt of a surgical biopsy followed by breast-conserving surgery (ΔTTC = +0.7) or mastectomy without reconstruction (ΔTTC = +1.0) were also associated with a longer TTC relative to needle biopsy followed by a single breast-conserving surgery excision.
A total of 13% of patients received chemotherapy more than 120 days after diagnosis (Figure 3 ). Considerable variability was observed based on individual therapeutic pathways. The addition of the 21-gene RT-PCR assay to a single excision nearly doubled (PR = 1.7, 95% CI = 1.2 to 2.4, P = .001) the probability of initiating chemotherapy more than 120 days after diagnosis, and reconstruction tripled (PR = 2.9, 95% CI = 2.4 to 3.6, P < .001) the probability of initiating chemotherapy more than 120 days after diagnosis. This increased to a 3.5 to 4 times greater likelihood of a TTC of more than 120 days when re-excision was combined with receipt of the 21-gene RT-PCR assay (PR = 3.5, 95% CI = 2.5 to 5.0, P < .001) or reconstruction (PR = 4.2, 95% CI = 3.4 to 4.2, P < .001) compared with single excision alone.
Discussion
In a large, multi-institutional cohort of women with breast cancer, time from diagnosis to initiation of adjuvant chemotherapy was approximately 12 weeks. This interval increased steadily from 10.8 to 13.3 weeks between 2003 and 2009. The largest effects were associated with diagnostic and therapeutic interventions, including immediate postmastectomy reconstruction, receipt of re-excision, and use of the 21-gene RT-PCR assay. In addition, we found that structural or systems factors, including insurance type and patient referral patterns, appeared to disproportionately impact TTC for black women.
There are few published reports examining timing in the initiation of adjuvant chemotherapy for breast cancer patients. A study of time to any adjuvant therapy from two regional centers in Nova Scotia reported that, in 2003, the mean time to surgery was 3 weeks Table 2 except those factors included in the composite surgical pathway.
The sign denotes where the reported ΔTTC is longer (+) or shorter (−) than the noted reference group. BCS = breast-conserving surgery. † P < .05. ‡ P < .001.
for all patients and time from surgery to chemotherapy was 7 weeks (17). This is similar to the TTC of 10.8 weeks observed at the beginning of our study period, despite differences in health-care delivery between the United States and Canada. An analysis of data from the National Cancer Database found that time from definitive surgery to chemotherapy in the United States was 6 weeks, which is, again, consistent with our findings. The National Cancer Database study also reported that black and Hispanic women were at increased risk for long delays (18) . Our analysis adds to this literature by examining trends over time, evaluating detailed diagnostic, therapeutic, patient-related, and system-related factors and by assessing factors that may be moderating disparities in time to treatment. Our analysis has a number of strengths, including a large sample size from multiple institutions and access to rich clinical and treatment data. Further, this analysis examines chemotherapy timing from diagnosis rather than surgery, permitting us to assess the impacts surgical patterns of care have on chemotherapy timing. This analysis also has several limitations. Most important, this is a study of patterns of care in tertiary care centers, and the results may not be generalizable to other settings. Further, this analysis excluded patients with a TTC greater than or equal to 32 weeks, which limits the generalizability of these findings to patients with exceedingly long delays in chemotherapy. The exclusion of patients who received neoadjuvant therapy and patients who omitted chemotherapy limits our ability to assess the impact of clinical factors that are strongly associated with those patterns of care (19) A formal evaluation of the relationship between therapy timing and the appropriate use of chemotherapy was not conducted, although individual clinical parameters were either unrelated or minimally associated with delays in chemotherapy. Lastly, these data only consider time to first dose of chemotherapy, so they do not speak to choice of regimen or treatment completion once initiated. Interestingly, the factors most strongly associated with a longer TTC included several that may represent higher quality care (reexcision to achieve clear margins or immediate reconstruction) or technological advances in care (21-gene RT-PCR assay). This finding highlights how advances along one dimension of care may negatively affect performance in other aspects of care, and it makes it all the more important to work toward minimizing potentially preventable causes of delay, including inefficient transfers in care or prolonged appointment wait times. Further, these data suggest specific interventions that might be effective in shortening time to treatment. For example, if 21-gene RT-PCR assay testing were expedited for patients who were farther from diagnosis, it could help reduce the number of patients in an institution initiating chemotherapy more than 120 days after diagnosis.
Our finding that TTC is often prolonged by appropriate diagnostic and therapeutic interventions has implications for performance measures that include time to treatment thresholds. For example, the ASCO/NCCN quality measures recommend chemotherapy for stage II and stage III patients with hormone receptornegative cancer be initiated within 120 days of diagnosis (7) . The 120-day threshold was selected as a "reasonable estimate of the time required to deliver the preceding components of therapy that would not jeopardize outcome" (7) . The measure, as written, places equal weight on nonconcordance due to either the complete omission of therapy or receipt of delayed chemotherapy. This lack of distinction is problematic in that there is high-level evidence from randomized trials that suggests that selected patients benefit from chemotherapy (1, 19) , whereas there is currently limited evidence about the detriment attributable to delayed chemotherapy (3) (4) (5) (6) . Further, our data suggest that widespread adoption of the ASCO/ NCCN breast cancer quality measures for adjuvant chemotherapy as an accountability measure could create misaligned incentives for physicians to alter their treatment recommendations-for example, by omitting or deferring reconstruction for selected patients or refusing to care for patients who wish to transfer their care well after diagnosis (20) . Attention to these issues would be required to minimize any adverse effects of considering time to treatment as an accountability measure.
In examining nontherapeutic factors associated with TTC prolongation, patients who transferred their care to an NCCN center after diagnosis elsewhere experienced a 1-week delay in TTC. The underlying mechanism is unclear, but it may result from systemlevel factors such as delay in patient referrals (including self-referrals), transfer of health records, or repetition of diagnostic studies.
Although it is reassuring that the effect of such transfers on time to treatment was modest, this is a potentially mutable contribution to overall delay that might be reduced further with attention to effective coordination within and across health systems. Delay associated with transitioning care after diagnosis was not uniformly experienced; black women who transferred care experienced a much longer relative TTC than white women.
Race also interacted with insurance type; black women with Medicare experienced a greater relative disparity in TTC than black women with a commercial payer. Without detailed ethnographic data on how individual women transitioned through the process, we cannot definitively characterize the specific mechanisms that led to delay. However, these data provide some indirect evidence. Black women in our cohort were less likely to have supplemental insurance, and those on Medicare were more likely to be aged less than 65 years at diagnosis, which suggests that higher rates of disability may have played a role.
Patient survival outcomes associated with a prolongation in adjuvant chemotherapy were not evaluated because of limited follow-up in this cohort. We intentionally selected a cohort diagnosed relatively recently to characterize current patterns of care and factors associated with delay. Future studies of patients diagnosed earlier with longer follow-up are needed to better assess the association of delay with breast cancer outcomes.
These data detail the relationship between a patient's therapeutic path and timing in initiation of adjuvant chemotherapy. As a result, with only the knowledge that a patient experienced a long interval in time between diagnosis and chemotherapy initiation, a definite conclusion that the patient received inefficient or poorquality care cannot be made. However, system-level level factors related to transferring care and insurance issues were also found to be associated with a prolongation in TTC. This latter point highlights that opportunities for improving the efficiency of care delivery do exist despite the observed confounding of therapeutic factors. A better understanding of the root cause of these systemlevel factors will be critical to developing interventions designed to alleviate observed disparities and improve access to care. 
